


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1953 


An experimental transistorized television sync 
generator with RMA type output 


Walker, Harold Raymond 


Monterey, California: U.S. Naval Postgraduate School 


http://ndl.handle.net/10945/14207 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 


/ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published -- scholarly author. 

; | LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


AN EXPERIMENTAL TRANSISTORIZED 
TELEVISION SYNC GENERATOR 
WITH RMA TYPE OUTPUT 


Herold Raymond Walker 











> ee = = e+ 














\Nalker ae R suite ned 
NM 7 ga : 


Au ta le rmenral aes 








ri 
I 










Page i 





Tay | 


£3 


REPORT REVIEWED BY: 


To study the possibilities of transintorized RHA eync penrratoz 


“83 Oar 
conmercial and industrial use. 


CONCLUSION: All of the conventional ofrcuits used in syne gsnerating can be epplied 


thru the prinsipal of duality to the transistor. However, tiut trangige 
tor has walque properties of its own which make 1% more desiraple to 
deaicn a syno generator around it than edapt it to conventional circuits. 


Transistorised units fumetion quite well in television sync gonorators, 


but lack stability required of a commercial mit, Instability is dus 
postiy to the following factors: 


(x) Characteristica vary between units, This is perticularly tru of 


the negative resistenco curve in.point contact units, which determines 
to a large extent pulse width and free running blosking oscillator 
frequency. 


(2) Extreme susceptability to crosstalk, voltage variation and temper- 
ature variation. | 


(3) An actual change in characteristics from day te day, and with woo, 


Bo that timing Yarges and the wnit must be reset frequently. 


WORK DONE BY: Lt, Harcld R. Walker, U.S.N., attached to the United States aval 


Postgraduate School, Monterey, California. On temporary additional 
duty with ROA fer indvetrial laboratory experience. 


REPORT PREPARED BY: Lt. H. R. Waikor 


&, E. Dewlteh 
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. sa ADVEENS yA Sec >i BG«i Televicion yey O craves vita 
ee a: | Tma.Outpah 
The Frinseton Laboratories dencnstrated a tranoisterized t#levisicn ayne generator for 
Indwetrial Television and for the "Walkie-Lookie® in the fall of 1952. The Princeton 
circuits wero not available to the author until after the unit desctibed here vasa developed 


and tested a& Camden, Curicuwly, the two circuits bear little if any, resemblance to each 






















other. 

he ayno generater described here was developed as a sources of RMA type syne pulssa for 
industrial Television mits. As suoh, it provides a vertical pulse KO nicroseconda wide 
md a horigsontal pulse 11 microseconds wide.to the camera unit ‘or synchronizing and 
Manking, In addition 1% adda the standard RMA synchronizing pulses to these bianking 
wlsen am a ceparats output for combining with the prewiously blanked video sirnal. 

in order to provide a wait anall enough to fit exieting ITY 5 and ITV 6 monitor cases, 

he syno generator had toe bo a proximately tho sise of the existing non standard wiite, 

% the eanc time, the preater complexity of the RHA type puless placed rigid restrietions 
the cirouit, The circuit described here was selected ss the simplest pocatbieg ecnsige 
tent with making all times adjustable to f4t the RMA apecificstions and a minimum of 
yaponent parts, | 

n designiag this circuit, only the aveilable TAIGSK trenaister could be used, There 

re ~ junction types available at the tims. In ordsr to plass as sew reetrictiont on 
omponents as poesitie, no inductances or transformers are weed. The smallest possible 
otenticneters, resistors, and condensors were used, not always with extisfaction. 
rosstaik between wits, and components far out of tolerance, were serious problems, The 
ransisters theagelves wore nee a bicger problem, Since they co not have wnd form | 
egative resistance | CUIYaS , mi henee will give different pulse widths and free ruming 
imss in the samo clroult, they are not completely interchangeable. The tranaisters 


om tere were picked for performance in each functional unit. 





srerrang be ef vleck Gleprum (fig. 1), the 31.9 MH oscllieter ip oie ar 
frequency souree, It fo a crys alt controlled wit (ref. a) which depends on the 
feries rescnart characteristic of the orystal for positive feedback in the cecillator 
circuit, Tho output of this oscillator drives three other circuits, the serration 
pules generator, the 2/B count down and the 7/1 count down transistors, It was 
intended t provide a second or free run ing mode for this tranzister which ras 
fPequenay controlled by the 60 eyole line in an AFC oircutt., Time did not permit 


this “line leck” feature te be added, though circuita for it were described by 



















Pringeton laberatorles (ref. b). 
The 7/1 cownt down unit Grives the count dow chain, with the final output at 
@ cycles. The 2/1 count down wit provides the 2 H frequency and interlacing fenture. 
2 i fGussnaer of the transistors are éeltehing units to time and steer pulses whish 
ian @ vlanking bit register and a syne bit rerister wee a, | are added to rive 
composite sync pulse. 

Analysing the RMA eyno signals, except for the vertical blanking period which is 


SOG microseconds in duration, the pulses consist of a 5 microsecond syne pulse delayed 


1.8 microsecond and euperimpesed on an il oe eos blankins pedestal. During. the 


oO 


a 


900 alerorsscnd poe tod this structure onde. The bianling pedestal is SO microsecond 
leng with firet - 192 misroseceonds of 265 mioresecond wide puless at a 2 i rate, then a 
eerios of 3 pulses 59 microseconds wide with 5 miercsscend periods between them, : 
follcwed by 192 mlcroseconda of 2 H pulses 2.5 microsecond wide followsd by up to 330 
ma&cresaconds of 3. H pulses 5 microsecond wide. | . 
There 48 a decinite tine relation between the starting and ‘ptoppinz ef all pdlaee. 
we cesignate the start of the nasphtinie pulse, which is also the end af the 59 


nieresecond pulsse, as &@=6 the other sync pulees ferm this relation in timer 


Serration Stop % «A 

HK blank pegestal . | t 3.2 microcscond 
1H and 2 H start (all starts) 2 a 5,0 miecresseond 
2B atop s #£.7,3 mierosecond 
1 E sivp z £10 microsecond 
H Blank off ff 402 


ow s 











bit ragiztora. The 2/1 count oter® occurs at tu 0. This aetart ie used to trigcer 

& 3.2 microsecond delay transistor ghich triggers the HM dlankinep timer, The H 
blanking timer penorates an 1] misrosecond pulse which drives tvo units. The leading 
od¢e driv s the hordizoatal blanking buffer and the trailing edge the blank stop gon- 


erator, There will be no blanking psdestal wmnless the H blank timer is trigcrored, 






















and then i% san only be ag wide as the timer permits. To vet a 0 microsecond vertical 
blankinc pedestal, the blank off transiator is prevented from puleing by ea 900 nicre= 
necond puise acting thera a gating circuit, Since the last pulse receivad will be an 
4en” o¢ etart pulsc, the bit will produee a pedestal until the S00 micregecond gate it 
off and stop pulaes aleo oeme thru. Because tho start pulses will gerrate the Vortical 


piankize pedestal, they aloo gare held of f by ein the buffer. Thsee pulses are pated 
by the bit rerloter iteelf in the con position, so — no more start pulses can se 
received ustil « etep pulse reverses the bit. This system is reliable and prevents 
gsiting the blanking bit out of phaas, 

The serration step is also a timing circuit which has. a 5 microsecond pulre, The 
leading edge triggers the syne bit to the off position, and the trailing edge initiates 
all syne pulse starts, ‘The serration stop is not gated althouvh it is needed only 
192 misrosesends sach poriod, Normally 4% will have no effect because the bit fe 
already 4m the off pozition, and 4f 4¢ 4s not, the serration stop serves as an cnsteency 
reset. 

(The trailing edge of the serration timer trigzers the 1 H and 2H starts: The 
28 start je veed only during a 570 microsecond pericd at the start of the 900 miero= 
Deemond Vertical blank peGestal. During this tine the 1 H pulses must be of f. This: is 
———_ because both the 18 and 2 H pulses trigger their om stops and 1 H stops 
must be off during the serraticn period, or they will cause extra serrations to appear. 
Riot turee geting transisters 192 microseconds, 192 microseeonds and 570 micreseconds, 
are used to delay the serratien pericd. 192’ microseconds, time the sorration period, and 
‘ae the 2 H on period respectively. 


’ 








There aro three stcp and two start pulses, fom of which ere gated. Vore it 
not for good waveform ami the nesd for the serration pwericd, the bit would bs 
unecessary since the timing pulses themselves are as wide as the pulsss they generate 
in the bit repieter. All theac pulses are applied thru dicdes to prevent loading ths 
transistors by the others in parallel. 

The synod and blenk outputs from the two bit recisaters may be added by a simple 


voltage divider connected betwoesn outputs, If even more sharply defined pulses and 


















better olipping io desired, the pulses may be clipped in the transistor circuit shovn, 
(fig. 2), oF im a vaouum tube clipper-adder which 149 part of a wait to clip and com= 
bine syns end blanking pulsea with video output from the cameras, 

Pipure 3 shews the cechllator, count down circuit, and gating pulse formers. 
Referring to fieure 3, the ozedillator transistor ogeillates by virtus of positive 
feedback thru the series resonant resistance of the crystal. This resietance is of 
the order of 5,000 otms and imposes a restriction on transistor selection, The con= 
dition for oscillation is thats 


nee 4% A we. fp Ry PN ere ° 7 


Ry, R. gee ref. eae 
Since 8 a § K and Ry @ 427 K, with an RB, of 22K nominal, the transistor "ee must 
exoec 2027 1f 2% 4s to osadllate, Because of this only about cone TAIG5SK in 10 will 
function in this circuit, Better results may be had with other transistors with a hichor 
nominal “Zoe. Firure 5 (a) and (b) shows tho output waveforms, Thess are pulsed, not 
& @ine wave, and thus ideal for use in trigger cironits. The 2/1 count end the eerration 
tamer are taken from the emitter, while the 7/1 count is takon from the base. This is 
dons to prevent feedback from the 2/1 wnit from giving larger even pulses then odd for the 
UL count which wil] cause it to alip to 6/1 or 8/2 erratically. By using the eeparato 


tie points, so bulffer is needed. Tho original circuit on which the eriterion for opoillac 





tien 18 dbaced hed no resister in Sho base circuit. The addition of thie resistor 3 





iw net Ty ah Jo Wt About 50% of the ACA FALODA wiiie Will coment 
when mow. 4,7K is an experimental optinum, 
the coust dorn ciroukts are free running blocking oscillators which are chain 


trigpered. The basic formulas for dGoriving the on and off times are riven by McDuffie 













(ref, ¢). These are repeated here as approximations made after somo simplifications 


anc asstmptlons were mode, 


4 R R 
Ton (aad s. where By, = A é ad 
id a Ry Ree G 
it Roe G 
Pe but BR e ww 
w'Ry A Ree = approximately 


ry 
how mes oa mae {000 seconds 
¥ | 
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ot Fiat ee ame a: 
aoe PR 
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Tt should be noted from theses equations that the ratio of "on" to "off time is 





where RL os 100 K 


( 300K 
7? (“Look 


ighly variable. These spproximaticns assume a fixed base re-istoer of about 7.2.K. In 
rantice it has teen found necessary to use about 4.7K to proleng transistor life. The 
ARO aaane resistor Ry ie a LOOK potentiometer, which the equation is asen tt be - | 
| shunt with a COX resistance Rec, With the equivalent parallel R thus determined, a . 
lue for C can be picksé to sive times equal to 7 or 5 or 3 counts somewhere near ridrange 
1 the potentioneter. This approximation 13 found to be surprisingly close, The only 
roubles enesuntered have been because of ceramic diese capaciters vhich either because 

Cy had Bapacats far in exeess of their rated value, or e leakatea resistanee did not 

ime as predicted. Changing to « paper or mica capacitor usually resulted in correct 

imdi 3 trylng sever@l ceramic capacitors of the sams marked valus resulted in widely 


vergent time Be 





" Tr rum int ai 
oresence of the shunt resistor in the enitter. The on time is determined by the 
sane formulas, except that it varies ever about a 10/1 range with rariations of base 
reciatance, At 2.2 K the approximation formulas hold, thus using a iOK potentioneter as 


a base reoistor, the maximum pulee vidth is about 3 times that indicated. However, 



















4% varies from transistor to transistor. Some units with a poor negative resistance 
ourve will cive a pulse oniy 1/10 as lone as a better unit. Such trans tat ac are | 
bast weeded out for use in the stop circuits and 5it reristers. Usually, but not 
necessarily, they also have low@f ce valuos as well, They will function in the bit 
Pepisters if a matched pair is used, | 

Beeause this elrcuit is bulit in a amall space, there is considerable arom 

talk between wits ruaning at the sare repetition rate. Thus, all the monostabie mits 
which are supposed to trigger at £ times nay trigger from eross talk at % » 0. Further, 
the voltage supplied fron ths battery may vary as much ae ono volt due to pulses acting 
in concert on its internal resistance. The effects of oress talk and voltages chanpe 
are @liminated or reduced by the addition of a resistance between collector and enitter 
which raisen the neceseary trigror poten ial Sa the transistor, The value of this 

r eistor was daterm ined oxperimontally, there being no known way to caloulate it. In 
general however, pulsing ceaves if he resistor is below 180K, Cresetalk and feedoack 
triggering ssase if the valuc is somewhere between 270 and 470K, If this resistor is 
made too emall pulse width and depomiability is affected, if 1% ie too largo, the 
pulse will trigner at random from crozstalk, 


The value of coupling condensers wae also arrived at experimentally, If the 









ecendsneer is too largs, the monostable units wil) double pulee, if too small, pulsing 
aill bs orrotio, 

The monesteble wits are taken from the papers by A. H. ln, (ref,.a) and Harrie, 
(ref, @), Where these elrcuits are used for delay by trigrering from the babk cide 
of the collector pulse, RO differentiation is used to get first a poritive and then 


& nerative pulss. The following mnonostable unit responds only te the nepative pulse. 


2 & & 








Fheure 6 shows the leaddine and trailing edge of the sesrzation pulse as taken fron the 
base of the 2H gensrator. Harrie suggests this method, but goes on to racomrend 
another. Lo uses an inductance to rata aptkie. Becauge this circuit is to represent 
esenomy and vse a mininum of transistors and no inductances, oath the ahove éohemes 
ere disregarded. Thie cystem appears very stale when once set up completely, hut 


if any unit runs et randon, or off time, it tends to pull othor wits by means of cross- 
























talk. : 
The bit registers are basic transistor binary units which are not cross eoupled 

for banary action, thus pulses are applied at one point for the Cnet” oF "on" state, 

and at another point for the "eff or "reset" state. In the pinary wit the two inputs 
are cTess sonnected thru diodes so that a pulse reverses the state each time it is 
received, | 

In omicor to ateer the pulses and bring then in when needed to trigger the “it 
repieters, various gating eirauits are used. In general, all pating circuits use a 
sonfenser and a germaniua dicde to control a pulse. Refer to figure 7. Ansume we desire 
a negative pulse. The pulse can be put in at X and taken ovt at Y if (a) and (b) are 
tied to the sams potential. If however, (a) is positive with respect te (b), the 

pulse emplitude must be greater to pags. | 

In this circuit, the gatinz pulses are obtained fromthe collectors of other tran- 
eistors, nominally at 45 volts when off, and about 25 volts when on. Thus to off gate 

@ negative pulses, (a) io connected to the collector and (b) to ths «45 volt supply. To 
on gato, (b) is connected to the collector and (w) to a potential souree about =3$ volts. 
Tho start gave for the 1 H pulses is more complex than this @impie gate and deserves 
further Bai akat ton, The 1 H start pate has a voltare divider which holds the bass of 
ho diede at about -36 volts. The R and C values are picked so that the serrated pulasa 
input from the colesue is about 2.5 RC time, This rives a suitarle negative pulse fron 
the trailing edges of the collector pulse. Normally, the point of the diode is neld at 

45 volte which ie suffielent to cut the diode off an no puleca pass thru it, When the 


o/1 count unit is on, the RC efrcuit and diowe to its collector earry tne point up te 


a 4 = 





A 


the Bias potential for about 15 aieresecond, and any negetive pales occurring in Det 
| peried will trigger the 1H start. The combined effect of RC discharge ani the dicde 
in the afl collector prevent the 2/1 seit frce triggering on it# trailing odse. 
In triggering the syno bit regieter, diodes are veed to prevent leading ae wll 


\, 


as to gate tho puless. in somo cases, where gate timo ia short and the pulse needed 
















de small, the potential stabilising return can be omitted and only a aingle resistor 

to the collesta® ueed. Where dicdes are shunted, thie is done to rede their hack 
resistance and keep the condenser Srom self biasing to cutoff, 

Ths photographs show the cuatput pulses as taken from the mit. Where deviations 
wist from RMA standards >» a8 in rise time ‘and overshoot, these are failings of the 
fansigters and the circuite dn which py ere dead Any errors in timing or sounts are 
je to adjustment, not to circuit failings. All timing factors are adjustable readily 
tom the panel. Test points are available in the form of tho back sices of solder tie 
inte on the panel for checking wavoforme at cach point in the wait so that it need not 
fy dissounted to check og satisets ; 

Due to the many Povktalt effscta in the cLroult, tho combinsd outputs of the 

uO dit registers do not yield a satisfactory RHA output. 4 hey must be olipped and 
added cxternally or by means of additional transistors not included in this unit. Tise 
lid not permit the additional work to be done. 

2 Measurements Tae Oh a dfiwen SHSep oaéitloscope shoe the pedestal and ayne pulece 
D bear the proper tine relatdonship te each other, end to be gnted properly as required. 
Furth ee work would be ssicacesty te improve the long running ‘ine stability of the uit. 
Op ei npere and eetere: end the 60 cycle “line lock* feature, remaia to be atisd, 


‘The TAILOR Transistor has since bgen designated ae the 2N32 for producticn. 








(a) Crystal Ocolliater ~ The Transistor = Bell Laboratcrios 
Artical by R. S. Caruthera ~ "Some Experimental and Practical 
Applications of Transistor Oscillators. 


(b) Prineston ITV syno generator paper - HW. Pike, Second or Third 
Quarter 1952 RCA Review 


{s) MeaDuffies Pulee Duration and Repetition rate of a Transistor 
Multavibrator = Proc. I.R.E. November 1952 pp 1487 


(4) Lo, A. W. © Transistor Trigger Circuits - Proc. I.R.E, ~ Mov. 1932 = pp. 1531 


(e) Harrde, J. R. © A Transistor Shift Repister ond Yerial Adder - 
Proce. I, R. BL = Now. 1952 © pp 1597 


Photograph #74724 shows the ITV=-5 unit and camera with the transistorized RMA sync 
generator installed. The non standard syne generator normally used is shown at the 
bottom, and the transistorized version of it in the same chassis is shown at the 
right, The non standard sync generator uses 7 transistors, the RMA type unit 23. 


Photograph #74725 shows the transistorized RMA unit below a studio rack which per=- 
forms the same functions. 
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Figure 4 Sync. pulses from collector of 
Syne. Bit, one transistor removed. 
Serration stop, start, 1H stop and 
2H stop pulses show, 


Figure 6, Leading and trailing edge of serrating 
pulse taken at base of 2H start, 


Figure 8. Collector pulses of 2/1 cpunt dom 


Figure 9. H blank stop pulse.The small pulse 
in front of it is crosstalk from the H 
Blank start pulse, 


Figure 10, H blank timing pulse. 3.2 microsec, 
delay start is faintly visible ahead, 


Figure 11. H blank start pulse. Trailing edge 
clutter is crosstalk from H blank stop. 


Figure 12, H blank pedestal at bit register 
output before clipping, Note 3,2 microsecond 
delay shows ahead of this pulse. Rresence 
of serration in the pulse renders it 
unfit for use without clipping. 








igure. 13. 2H stop pulse. I Hi stop is similar. 
Actual amplitude is about 20 v, but pulse 
width is so narrow it does not photograph. 


Fivure 14. Base of the 2H stop.The delay time 
is only faintly visible as a slight rise 
ahead of the more prominent drop. 


Figure 15. Emitter of sync. bit register. 
Serration stop, starts and 1H stop show 
2H stop is on such a short period it 
does not photograph. 


Figure 16.Serration delay taken in sync. start 
CireuLt. 


Figure 17. Trigger pulses to H blank stop 
showing 00 microsecond gate. 


Figure 18. Seven to one count down taken at 
base of transistor, One count is lost 
in the wide base pulse. 


Figure 19, Five to one count down. 


Figure 20. Three to one count down, 
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